Summary: The enteric nervous system (ENS) is capable of mediating intestinal reflexes in the absence of connections to the CNS. Nuclear immunoreactivity for Fos, a protein encoded by the c-fos proto-oncogene, has previously been used to visualize activated cells. We have attempted to use a commercial antibody to Fos to investigate the proportion of activated neurons in the myenteric ganglia of guinea pigs. Neuronal nuclei which demonstrated Fos immunoreactivity (F-IR) were counted in preparations fixed immediately after removal from the animals. Demonstration of all myenteric neurons in adjacent segments by staining with cuprolinic blue revealed that neurons with F-IR comprised a subset (65-75%) of all neurons. These results have led us to conclude that ENS has a basal activity for intestinal functions and this could be demonstrated easily by Fos immunoreactivity.
Enteric nervous system is the system of neurons and their supporting cells that is found within the walls of the gastrointestinal tract, including the neurons within the pancreas and gall bladder". It has connections with autonomic ganglia outside the walls of the gastrointestinal tract and with the central nervous system and contains entire reflex pathways through which the contractions of the muscular coats of the alimentary tract, the secretion of gastric acid, intestinal transport of water and electrolytes, mucosal blood flow, and other functions are controlled.2 ' 3) The enteric nervous system consists of a number of interconnected plexuses. Within some parts of these plexuses are small groups of nerve cell bodies, the enteric ganglia. The plexuses lie very close to the structures they control. The myenteric (Auerbach's) plexus is a network of nerve strands and small ganglia that lie in the plane between the external longitudinal and circular muscle coats of the intestine. The myenteric ganglia vary in size, shape and orientation from species to species and from one part of the intestine to another, but in any one area from a particular species the shape of the meshwork is quite characteristic and readily identified. 4'5) Activity of identified neurons can be assessed with intracellular microelectrodes.6) In order to transcend the limitations inherent in the use of enteric preparations from which intracellular recordings can be made, it would be helpful to be able to measure the functional activity displayed by neurons while the wall of gut remains intact. Cytochrome oxidase, an enzyme that plays a critical role in oxygen utilization, has been shown to be an effective marker of the functional activity of a variety of neurons, and also used for showing the basal neuronal activity in the intestine.7-9) The discharge of action potentials is tightly coupled to oxidative energy metabolism; as a result, the level of a neuron's cytöchrome oxidase activity reflects the degree to which the neuron has physiologically been activated.
Nuclear immunoreactivity for Fos has also been used to visualize the activated cells.10'1'11 The protooncogene c-fos, a cellular homologue of the FBJ murine osteosarcoma virus's oncogene v-fos,12) encodes a nuclear phosphoprotein (Fos) with DNAbinding property.13) It has been suggested that Fos plays a crucial role in the processes of cell differentiation and proliferation, where it converts shortterm external stimuli into prolonged intracellular genetic events.") Earlier studies have described a variety of signalling pathways in this process, including the actions of cAMP, Ca+ + and protein kinase C.15,16) Fos-Like-Immunoreactivity (FLI) has also been detected in the adult central nervous system in both neurons and glia, the latter under pathological circumstances.17) The immunohistochemical demonstration of the FLI in the enteric nervous system first assessed by studying the effects of mucosal application Correspondence to: M. Kemal Irmak, GATA As. Tip Fakultesi, Histoloji-Embriyoloji ABD. 06018-Etlik/Ankara-Turkey of cholera toxin but no basal fos immunoreactivity could be detected in myenteric and submucosal neurons. 18) The present study was undertaken to obtain more detailed information about the neural activity in intact guinea pig intestine segments. We determined whether c-fos is expressed in the myenteric neurons that were tonically active. Two intestinal segments: jejunum and colon have been chosen for this study. To ensure that all immunoreactive subpopulation has been considered, it is necessary to know the size of the total population of the neurons. We have concentrated on the quantitative aspects of the myenteric plexus and measured the number of neurons per ganglionic area. Because of the uncertainty associated with various staining methods we decided to use cuprolinic blue method for visualizing all the neurons.19)
Materials and methods

Tissue preparation
Eight adult male guinea pigs weighing 350-450 g were used in the experiment. They were maintained in standard laboratory conditions. Animals were stunned by a blow to the head and exsanguinated. The animals were sacrificed at the same time each day to exclude possible confounding changes in neuronal activity at different times of the feeding cycle. Two adjacent intestinal segments each being 5 cm long were removed from jejunum; 40 cm above the ileocaecal valve, and from colon; 30 cm below the ileocaecal valve. After removal, the segments were washed with Krebs solution then opened along the mesenteric border and fully stretched up to 2 cm x 6 cm rectangles. All were pinned flat under Krebs solution in a dish that was lined with silicone elastomer (Sylsgaard, Dow Corning, Midland, MI). One of the adjacent segments was fixed in 4% paraformaldehyde in 0.1 M phosphate buffer (PB), (pH 7.4) for 8 hours at 4°C for immunocytochemistry; other segments were fixed for 60 minutes in a modified Carnoy's fixative for cuprolinic blue staining.
Preparation of whole mounts
The mucosal and attached submucosal layers of the intestinal wall were separated from the underlying circular muscle. The circular muscle fibers were then teased away from the remaining intestine to expose the myenteric plexus and the longitudinal layer of smooth muscle as described previously by Kirchgessner (20) . The whole mounts with the longitudinal muscle having adherent myenteric plexus were thus obtained.
Immunocytochemistry
One of the adjacent segments was exposed to primary Fos antiserum (Oncogene Sciences Ab2) diluted 1:2000 in a solution containing 1% Triton X-100, and 0.1 M phosphate buffer saline (PBS) (pH 7.3) for 32 hours at 4°C. After three 5-minute washes in PBS, the whole mounts were incubated for 60 min. in biotinylated secondary antibody (1:400; Vector labs, Burlingame, CA), followed by an avidin-biotinhorseradish peroxidase complex (1:200; Vector) for 60 min. Fos-positive cells were visualized by incubating the whole-mounts at room temperature with 3,3'-diaminobenzidine tetrahydrocholoride (Sigma), using glucose oxidase to generate the hydrogen peroxide substrate. Preparations were then washed in PBS and after graded glycerine solutions, coverslipped with 97% glycerine.
Cuprolinic Blue method
Adjacent segments were stained with cuprolinic blue method (19) , washed in distilled water, dehydrated through graded alcohol, exposed to graded glycerine solutions and mounted in 97% glycerine.
Measurements
The measurements were perfat Hied by using computer assisted video morphometry (Imaging Research Inc. , St. Catherines, Ont. , Canada) as previously described (9) . Briefly, a video camera was mounted directly on a Leitz microscope equipped with brightfield optics. Ganglia were localized and their image projected at approximately 250 x (25 x objectives) onto a 512 by 480 pixel array. The outlines of the ganglia were traced with a cursor and the areas of these ganglia were computed. Thirty 0.048 mm2 serosal surfaces were examined in each segments. All neurons were counted and neuron number per ganglionic area was determined. Care was taken to ensure that neurons in all focal planes were counted.
The data were expressed as mean±SD. The significance of differences between the intestinal segments was analyzed by the Student's T test. In all instances, p values less than 0.05 were considered to be statistically significant.
Results
In the two segments of the intestine, cuprolinic blue stained selectively all the ganglionic nerve cells in the whole mount preparations. At low magnifications, the outlines of the ganglia and connecting strands were clearly recognizable and there was no difference in staining density among two segments of the gut. Jejunum had finer ganglia that were elongated in the direction of the circular muscle coat (Fig. 1) .
In contrast to jejunum, colon has thicker ganglionic strands (Fig. 2) . At higher magnifications, Nissl substances and nuclei stained blue. Neuronal cells were easily recognizable with negative nuclear image within the blue cytoplasm and prominent dark stained nucleoli. Staining appeared to be limited to the perikaryon, as Nissl substances do not extend into the axons (Fig. 3) . The average number of neurons per mm2 ganglionic area which was 2549 ± 497 for jejunum, and 2405 ± 146 for colon did not show segmental variations (P > 0.05).
Far from uniform intensity, the nuclei of the myenteric neurons that were showing FLI, were visible with their dark reaction product (Fig. 4) . Avoiding this intensity differences, all the immunoreactive cells were counted. There were 1697 ± 82 Fos immunoreactive neuron per mm2 ganglionic area in the jejunum and 1760 ± 122 in the colon. Results revealed that neurons with FLI comprised a subset (65-75%) of all neurons (Fig. 5) . The difference in proportion of neurons with FLI between colon (73.1%) and jejunum (66.5%) was found to be significant (P < 0.05).
Discussion
The enteric plexuses are ideally suited for quantitative studies on size and spatial density of neurons, as these can be established with a fair degree of accuracy in whole-mount preparations. Counts have been carried out on many parts of the gut, in different animal species and with different staining methods.21) Number of myenteric neurons per unit serosal surface (Spatial density) and the total numbers of neurons have been investigated.3'5) These studies imply that the neuronal density of the myenteric plexus varies along the gut. The colon has a higher spatial density than the small intestine and the duodenum has a higher density than ileum.3) Besides the regional differences, neuronal density also declines with distance from the line of mesenteric attachment as in the colon. In contrast, Dunlap et al. used number of neurons per ganglionic area counts for quantitative studies and observed that the neuronal counts per unit ganglionic area did not change in the aging rats.22) Gershon also counted neurons per unit area of ganglion that were showing cytochrome oxidase activity in guinea pig intestine but to our knowledge, present study was the first detailed quantitative study showing the number of neurons per ganglionic area in guinea pig intestine. We found that number of neurons per ganglionic area were constant in the small and large intestinal segments.
As we have mentioned above, ganglionic areas and spatial densities were different in the two segments. Since number of neurons per ganglionic area is constant, it is the ganglionic area that causes the difference between spatial densities. The intestinal segments that have larger ganglionic areas also have higher neuronal densities in their myenteric plexus. It is conceivable that during development, number of migrating neuronal cells is constant but the difference in ganglionic areas causes the variations in innervation. For further quantitative studies of the intestine, the number of neurons per ganglionic area count is useful and less effortless than other techniques.
A number of methods have been used to stain enteric neurons in intestinal whole mounts to estimate the total number of nerve cell bodies. However, it is impossible to determine whether these methods actually demonstrate all myenteric neurons. Cuprolinic blue method was developed by Heinicke for selectively staining the myenteric neurons in whole mount 
